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}3~~T i~A ( T

is  res - a rc i~ ~~~~ ~~~ m e d  ~~ th ~~ 1 and

t~~eorc - cal o v a]  u~~ ~~~of t~ e ~~~~~~~~~ ga t i~~~ o f S b t ~~t 1 t i O 1~~il

~ci u t € S  in :~ict a ±  a i iQy ~ ros~~lt ~~n~j  f ru~ tht~ ~~p 1ication of

tE er~~tu ro  Cl : ..~~~. .. ~:nt . ~~ Lo ~urc; c~ S tr~~ot ~~ e,  rian .~ly g r a i n

si~ , ~~~~~~~ to b e an ~n.p c ’r t ~ ~ d .~~t ) m  if l  su ut e  r cd ;  s t r i —

ion . 1C~ T~~~Ur e n . : ;~ L .~i i  to eval i~~tc t o e  in f l u e n c e  o~

t h i .  ~~~~~~~ e ’ . ~e y ,  i t  ~~~ Lccr i  .~hc *~:. t ha t  .~~~~if l  s J . e

COnt 1 -~ ~ he i ~~ l ibr i c :  c o c ~~t r i L i o n  c~f ~ :~inc c u j  which

t v rn  u er ’~~- ~~~
, ute £1 ~~~~~~

ic’- t a l  rn eas ren~~n t .~ hove l e i  i& ~ f I~~L L f t  us - ‘

coefficient of ~j lve r ~ tt alucirii; to ‘Th ‘ en ~ r~c tJ.e eujct :nt

~~~~ 
. ‘ :or eo tha t  ~~~~~~ i:~ o t e L . 1 ~~

. :atuI e .1 ~nt_ .

15 ~~: (j ~3rti n~i~ ~ ci L~~~. ~~~ii  i~ • ~.~ L x a t . te1. S ; t : . o

di f~~isi i: tv of .- iver  in al  ~t tic c~ - id end ot

d i f f - ’~ ~ r : nnle  i .  11 v e : l e:  t h e  I i h r i u n  v~~c~~r~~y

• conc~~~t r a L i v~ ~± i t  is 
~~~

‘ c . .t . T~ c~~: ~~~~~~~~~~ ~~~L n t S  1~~l” e

.r r )~~s~~v cI~ ,r~()~~strat- d tha t  ~‘::~~~ic’ ~~~ i:~~~~n t  t :~t.~ ons i n  s i n c J~~

• ~; ry~~ta1~ ]o n~~t fol~~cw thc : :: : ec~ cI~ ;L ~ ) m  ic

q~~~ iic~~t~ ~‘L~ rc~~ s io:  lar measurement  ~ ~~ t t  o lycrysta 1l~~nc

• ~!;c1 ]c~~~n~~t r at e  such equ i l i b r ium. T c ; ~~t i c a 1  work also

es~~~~iislv~d th~’ i~~t r i >~ h e u cy  fo r  i L ~~f u s i on  in c rys ta l s .
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rrom ~ re ic’,~ -~:r er C r I t a1 ~u r k  i n  t i :  i s  labo ra to ry , a

cro in  - -~~~~ ~ep cr 1 e r~~c of t i~~~~~~ t t .r ~~~~~~ t. h~1c Deen

i : :~~’~~tu- d .  Al so ~rcc; th eoret :L :o l  work by S ta rk , a conc r~t i u t : o:.

:oc] emce has cc: •e : t • A s r i  - i  t~xper i:~ex:ts was

st a xt e d  ~o ~~~~~~ cc .~ot b o~ I hc~- u a c I :~ S I:) :~L!t of a l  ~imir.uv

S.

r~L :~ V i~ tcO C ) ~ ,c~ w~~E~ •~~i~~~’ . r c r  •~~ ~~~~ . rn  itomic

perc e n t  l~~:: ~‘e~ c- p~ ‘p i r~~:1 to .U A; U •
~~~~ i•:o ~~ Ag in A l

l cSO • i i i c j s -
~~ re 

~~~~ 
L~U . : u ~ t 1 ~~ ~ ]t~~ Lflt S 0 5 i ’ S

Lil an :c~~~ c~ cr :  f u r rla ~~c un c lc r  n a t l r : o : c & : i .  n 5 — 9 ’ -~ a r go n .

~~~tc rhe ) mj  i . n i l  ~lE~~~t , ~~~~~ ~1 ) - ~~ s ~.c.  • 1 Lu coo l , w -  -

an -: c~i~~~- . l~~ t~~c: . i S % a l 1~~ ’ o ; ~~ le c: 1:;i i ls  ~.t2 r~

grn ~• ’n f rom the  ~~~~~~ ~~; .  t i : €  a: ~ci~i ~~i ~~~ • o v ;c h ~~ t flc ~ (i I ’j

crvu; t il l :r e  specic~e ’s .  Sin~j 1e oi-~ in  opec ens were ob ta ined

2% 7)~~loyS 
~

y c~J i  WC~rh o n - I  o S st:t~~ect reurys ~ 1l i : : ing

~t~~r ’ ~ l .  ‘I f l e  001 t~~ ~ ,ii l i~i’ • ~~~~~~~~~~~~~ ‘~~ _~ C & :  ~~ ~~fl ~ r o v i k~ ‘

~ a s t  a l loy . In both  ii~ anc~~s t he -~~~‘ct n i l ]  inc spec i n e ns

c O n t a i n ~~d y r ; i~~ns ~ f pro~~i n a t l y 2 m m  in ~~~ai~~r~~~ t. i’h~ tc: L

- -imens ~‘c~~ sec - u n e d  on a spa rk c u t t e r , spark planed uni

gi’-~•n or ,ci’I e -  ch .  The specimens were sect ioned to 1 cm x

.5 c~ x . ] e . ~~~~ s amp le s  were t hen annealed in temper at : i i

~~ •V i( °~~ for  periods up to 700 hours.  The anneal

~‘ -J - • d~~r :c Wj ( 2 v •i 1VO I ogen U

~e u t r ) n  a c t iv i t i o n  ana l ysis w i t h  sui) sequent  sec t ion ing

S 
- 

— 
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‘ c ~ co’.nt : •ire bej~ q used j e t t~~j :i i v i’  t he- c’ a •

c~ otiles .

ts et tk m’-- ex~-e r i : n u nt s  are yield valuc~ of the hea t

r~ t r .  co ,c f that do -ot  show a stro ic; der~o~~~orce on grain

s1:~e L - .t do J nr : i c at e  a dependence or’. ceccer~t ra t ion . The

r c n t  of - r~ ~perL ot Ag ifl ulu 1n~ n : a~ for  the .1%

:~1Hv iS~~~~c ; .  The vaL:es obtaincd for the 2% alloy are

~2. 27 ± .15 kc~~l/mole

for ~ce uiing ~e c~~ s ~ol data a-~ l

.17 kcal/mole

:ci~~~~~~ po ivc~~i? , ‘.OLli2tC data.

• c:oor i::- :ntal ;~~r q ~~am also includes a direct determina t cr:

of the • o a 7 e nt c 1 t~ un of vocot-icies in ai u n i  nj! wtuich exist in

:e:ro~-~:l fii c 1 cc :: ert . Th~ cun ceritrotion c f  v o c o i c  i es has b e

theor izc S~ cc- -to attain a St :en :1 s r a~~n r e o c c u  l iLy

- • • • cocsis~~cct  w~ th a :~ ~muin in t :e rate of entropy

production . To neastime this coricentra t i on  ~e are determining
~~~~

t: ~i~~f f as~ c:: coeftLcierY tor s i l ve r  i n  o : r q  ~c ci stolline

~i: :n : .rr  fr o i~ ‘he cold ::~~ of a 
~~~~4! e cxp~~~ed to a Lemperaii

gradiect . Tte - -1ectr ;It ion of va~- •~ : i r , sh u id follow

the d 5Lrib ;tion

-. e ( l — - r ) . ’ U  ‘i’lfC I ’ e -

V V

*J~ f)• ltor :, ~cripta Met. 5, 727 (197 1).
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! C ’ ~~C C ~r ta- equ t l U r l ’ .h c: -~~~~i ,t r a t l o l l , a

0 111 y :‘s n nuc t:~~i Ui- rium t o o L er  : o t  will i e  n i l L ’ j  i t  equiii-

~~: jun e:~: - t  ~~~ . t h j  ent I i  c n t 1 l t , t  n I  O 5 U : — 1 - I r L I L L S  have indicatuit

tha t y -~ i for s i r ~~l~ c~ ’ otei  ~~ • ‘ a l u :j n c ~ os was expectee

• t : ~~~t • ~~i i c.  cc i i i u  ~ u .35 ir~ that system . For single

cmv.  a t ~ i a  sl i ver , y — d.d 9 and for L-c C i i ’ = 1.0.

i~u cL~ a : : 1 k~~ . c r ui1 ]t sn ..is hu t bet  mal  equ il i b r ium

S v • - 
~~~ as f o :  ~ u, t i  cL iic r :Lk ution ef acur~c1es is con—

con . ~b~~ : o i l ]  i l ~i : : c n  i s s’.-~ -rd nsu :p: ion in al

cu r r ~~ t t  t~~ ories ot - O I L  1 it i~ .; theflT .: ct , - n o m i c s ;  consequently ,

such a ~~v - t I S  e~~~cetc~ Lu j :  c t  a ~- i ~ , i i t ’  1:: in’ltience unor

scientific thcrL ~~ht  in hr is are.~ ot res~ drc .

‘ro ncu~e ac e  u: ae rs t  3 1 0 1  :~~ of the t i s  is ~cr  tf. is  obse rva ti on ,

sir:ilar n-~i ’ i recci ts were perfonI~cci i:: po1y:rystallin~

c ~~~~~ AJ~:. Such •e~ sure1nont ~ •~ n’e evidence of the influence of

r 11:1 •~ize u . n  the phenomena . Our measurements indicate that

n e r ; d 1  ~~ u i l i  Li ium is not violated in the instance of the

]oiycry~~L i1iioc •: ~ ~c: •~; f l t i : j i c s .  The i n f  surer eats eSS -1 t illy

shOw t L : i t -
~ 

1 t. t h c t  situat l en .  T h i s  d e m o n s t r a te s  t i l O t

i~r a a n  ~ i i c. i i c c : :t u nt  fo :tor , as was m i  t i a l  i y  b e l ie ve d .  *

AS ~ C Of l -; e~ j iei e of th i s  work , ~ i have - i e n e r al l y  shown

• ~~ tha t , t i e  • : q u m l i b r t w r  - oucentration of vacancies is generally a

va l i - i concept tc c n c  ~:ten tine grained po1~,- crybLa11ine materials

J . H .  ! t Lj c ~ a o l  • . c .  S :ut’i~ , Acta • l et .  j~~, 9.1 3 (1971).
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are used . \~~~t i  .::3 1e ci ‘~sta s , l i .w~~’-~ r , s~~ t a coi cept

‘V ~11 CLOd t~ rr- :t::j is 0 1’ (I iot uflb whc i~ ~ ii 1 l c S  a r c  * Xpobc 0

t o  t f ’ ) f  t a t  Ire gi idienl s.

In  a 1 1 Sa l - c ut  u: s w~ nc- t t - n r J c - r  - 1 t Ut ‘ ‘ - c * i i  i - n t s i r e  t~ i ~nu

I u: CS of ‘netal 1 flIrgical processes wi 1 i - f  - i :  I u -r c i td  ny S I C I

~~‘. t. r o o u :  i bi- i ii : cu i :ce t11  , t t ; c f l  -cf vacdnci€s. This is t r c .

I oc~~~j s e  tic d i  L :  os on coc~ f i c i i~~~~t 3f s u l it  i t  ct  i u i a l  SOjut s

is ~ rcc:)()rt, i onu I tO t h i  - v~~ :irv-y cor cen r at  i on . (‘ vn s e q : J t-n  t 1 ‘
~

s :c’h vu’ocesse :; is coarueni t i c ;  f f 1  done r t c t a t  i Oi of  s t r uc~

‘I l l  O C C U I  :t uccele  € - :  r a t c — i  . F- ’ur  he :  , :; n h changes in

I , t ~ 1 t ,~~~ . uic - t  w i t h  a l t L c a t l u : l s  . .~ those mechan :  :~~1

~ roper t  l u - f t t o t  ar c  dependent  upon s t r u c t u re . Hence ,

C O f l f  t h  oi~~l c ict  i i i  l y  ‘V. i l l  be l eavi  ly m t  luenced . F i n a l l y ,

c r e . j  is u ‘ 
— 

~~i~OSt: rI I p rob lem a t  h ig h t: c a ipe ra tu res

n j o  e t n a, :. 3 :  c c-  ci r v i c e  i r n p l i  es ~ he j i  esence of large

t • ,~~~ J t i c : i* t l  - g~~ . d 1 J t 0. l ’o n S t ’ i u t ii t l y ,  creep ra tes  should

00 1)1  t i  ~ i i i  ) U& iced by th e s e  cond i t i ons  and be expected

~ O ‘JOC-O m ~. ‘ k e u

~~~~ ijtj ’,rijj resc-~trch in I t t o  t i  , l l a r n  ‘V/US directed t o w a r i a

~ ci j i e ~~ : ‘ n-tin ~; of - i i  f fu s i o n  pi -30e5ScS la icr conditions

wh i c h  ~ re n. r~ - c i : j l  cateci  th ai occur by a single vacancy

mechanism. N i ,  ~~~~ to even bep in  to understand theoretically

the infi l i e  o~ , c ay ,  di ’acancies , it was necessary to

‘V.00 k l a W  theory of diffusion in terms of matrices.

I l L S , I 0011 ) LLILCLJUII with J .1.:. Manning of the National Bureau

t S’ -i l I U r d S , l i -  au thor developed the matrix theory of self—
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t’us i  a:: and t be - ,-~~~tcns . to  di f f o  I .  0 a - • I .  : 1  t a  I e I ~

arc:t ’~~u r ’.t. N u n t r e u s  U ) )  - 1  i c i t  ions of th i s  theory have been

“- i ’: , . the •:-a:hor t o  enhance the understanding of

conc~ r’.’.:atiot: ef cacts on di±fusion and the influence of

:cu]tiple vacaric ’ necain oms.
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